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CONTROL APPARATUS FOR CUTTING MACHINE, CUTTING MACHINE AND 

CUTTING METHOD 

BACKGROUND 0 1^ THR INVENTION 
1. Field of the Invention 

The present invention relates to a cutting machine 
(specifically a NO lathe or machining center) for performing 
various cuttings according to numerical control, and a control 
apparatus for the cutting machine. 

Particularly, this invention relates to the control 
apparatus for the cutting machine in which a turret 1 rotates 
around a turret axis B (a B-axis) so that a cutting process 
can be performed at an arbitrary position (capable of indexing 
at the arbitrary position) . 

7 . Related Art 

(1) Modes of controlling a cutting edge of a cutting tool 
2 in a conventional cutting machine are shown in Figs • 8 and 
9. Fig, 8 shows a mode in which a cutting is performed while 
the turret 1 is kept at a fixed angle. Fig. 9 shows a mode in 
which the turret 1 is rotated according to an outer 
configuration of a work to be cut. Respective positions of 
the cutting edge are represented by aO to a3^ and positions 
of the turret axis B are represented by bO to b3. 



The cutting tool 2 is usually controlled by controlling 
coordinates of the turret axis B. Here, in the mode as shown 
in Fig, 8, the coordinates of the turret axis B can be easily 
obtained by offsetting distances from the cutting edge to the 
turret axis B (Ax, Az) out of the coordinates of the cutting 
edge. 

However, there has been a problem that when an arc-shaped 
surface is cut while keeping the angle of the turret 1 in this 
manner, an angle between the cutting tool 2 and the work to 
be cut (a cutting angle p shown in the drawings) is not constant. 

In case of performing a cutting with high precision, it 
is desirable to perform the cutting always at the same position 
of the cutting edge in a single cutting process. Here, the 
cutting edges at the cutting positions aO and a2 are shown in 
enlarged views. At the cutting position aO in the drawing, 
the cutting is performed by a left side of the cutting edge. 
On the other hand, at the cutting position a2 in the drawing, 
the cutting is performed by an underside of the cutting edge. 
In this manner, unless the cutting angle P is stabilized in 
the single cutting process, it will be difficult to cut 
precisely. 

The cutting process as shown in Fig. 9 is in the mode 



in which the turret 1 is gradually rotated according to an outer 
configuration of the work to be cut. In this mode, the above 
described problem will not occur, because a fixed cutting angle 
P can be always maintained. However, in this case, it is 
necessary to obtain the coordinates of the turret axis B 
considering the rotation of the turret 1, instead of simply 
offsetting from the coordinates of the cutting edge. For this 
reason, in the embodiment as shown in Fig. 9, there has been 
such a problem that when preparing a program, calculation of 
the coordinates of the turret axis B has been difficult. 

Moreover, it would be necessary to develop a new control 
program in order to control movement of the turret on the basis 
of the coordinates of the cutting edge, and enormous cost and 
time would be required. 

SUMMARY OF THE INVENTION 
In view of the above, objects of the present invention 
are to enable cutting processes to be performed always at a 
same cutting angle p, and to enable calculation of the 
coordinates of the turret axis B to be performed easily, when 
preparing a program. In addition, it is also intended to 
utilize a conventional control program for controlling on the 
basis of the turret axis B. 
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(1) This invention relates to a control apparatus for 
numerical control in a cutting machine having a turret 1 which 
can be rotated to arbitrary positions, the control apparatus 
comprising: 

means for inputting cutting edge data (m, n) indicating 
a position of a cutting edge of a cutting tool 2; 

means for inputting turret angle data a indicating an 
extent of rotation of the turret 1; 

means for reading reference offset values (XO, ZO) 
corresponding a length from the cutting edge to a turret axis 
B; 

means for obtaining offset data {Xa, Za) from these 
reference offset values (XO, ZO) and aforesaid turret angle 

data a; 

means for adding aforesaid cutting edge data (m, n) to 
these offset data (Xa, Za) to obtain turret axis data (AX, AZ) ; 
and 

means for moving the turret 1 on the basis of these turret 

axis data (AX, AZ) to perform a cutting. 

This invention aims to perform a cutting by rotating the 
turret 1 based on a turret angle data a which has been 
appropriately determined and inputted- Therefore, the 
problem that the cutting angle P as shown in Fig* 8 is to be 
changed will be eliminated, and the cutting with high precision 
can be realized. 



Moreover, according to this invention, in preparing a 
program for numerical control, the turret axis data 

(coordinates) need not be inputted • The turret axis data are 
obtained by adding the cutting edge data (m, n) to offset data 

(Xa, Za) in consideration of the turret angle data a. In this 
manner, a programmer need not calculate the turret axis data 
in consideration of the turret angle data a when preparing the 
cutting program, and preparation of the program can be 
performed easily and rapidly. 

Further, according to this invention, the turret axis 
data are calculated from the cutting edge data and the turret 
angle, and on the basis of these turret axis data, the turret 
1 is controlled. This control of the turret 1 on the basis 
of the turret axis data is the same as in the conventional 
example. In short, an already developed program can be 
employed as the control program for the turret 1. Therefore, 
one of the advantages of this invention is that the conventional 
control program for controlling based on the turret axis B can 
be utilized, and hence, it is not necessary to develop a new 
control program. 

(i) The terms "cutting edge data (m, n) " mean coordinates 
of the cutting edge of the cutting tool 2 which are represented 



by AO to A3 in Fig. 1, and they are represented as (mO, nO) , 
(ml, nl) ... (mi, ni) corresponding to respective positions, A 
value on an X coordinate is represented as X cutting edge data 
m, and a value on a Z coordinate is represented as Z cutting 
edge data n. 

(ii) The terms ^^turret angle or turret angle data a, ai'' 
mean an angle in which the turret 1 is rotated with respect 
to a reference line, and its value. It is to be noted that 
the turret angle and the turret angle data have the same meaning, 
and when the value of the turret angle a is treated as data, 
that is, turret angle a when the cutting edge of the cutting 
tool 2 is at a position Ai is indicated as the turret angle 
dataai. In the below described embodiment of Fig. 1, an X-axis 
is set to be the reference line. When the cutting tool 2 is 
at an origin point AO (when directed to the left) , the turret 
angle is represented as a = 90°, and when the cutting edge is 
positioned at Al, the turret angle is represented as a = 60°, 
similarly, the cutting edge is positioned at A2 and A3, the 
turret angle is represented as a = 30° and a = 0°, respectively, 

(iii) The terms ''reference offset values (XO, ZO) " mean 
values determined according to sizes of the cutting tool 2 and 
the turret 1, and the value correspond to a length from the 
cutting edge of the turret 1 to the turret axis B. These values 



are not affected by the direction of the turret 1, but are always 
determined on the basis of the turret 1 or the cutting tool 
2, In Fig. 1, the length in a direction of the X-axis when 
the cutting edge is positioned at AO is shown as an X reference 
offset value XO and the length in a direction of the Z-axis 
is shown as a Z reference offset value ZO, 



These reference offset values are determined according 



to the sizes of the cutting tool 2 and the turret 1, and may 



be defined as -follows, as shown in Fig, 6; 
p (X reference offset value XO) = (X tool offset value Kl) + 

(X turret offset value Tl) 
i*, (Z reference offset value ZO) = (Z tool offset value K2) + 



f|j (Z turret offset value T2) 

s 

rll 

Further, in implementing this invention, these tool 



offset value K and turret offset value T are not necessarily 



always constant, but can be employed in such a manner that the 
values may appropriately change according to the movement of 



the cutting edge and the rotation of the turret- In this case. 



this reference offset value may be calculated according to the 



change . 



(iv) The terms ''offset data (Xa, Za) " mean the lengths 
from the cutting edge to the turret axis B in the directions 
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of the X-axis and Z-axis when the turret 1 has rotated, and 
are represented as X offset data Xa, and Z offset data Za. 

(v) The terms "'turret axis data (AX, AZ)" mean data to 
be employed for controlling the turret 1, and the data 
correspond to coordinates from an origin point of the machine 
to the turret axis B. They are represented by (AXO, AZO) 
(AXl, AZl) ... (AX3, AZ3) corresponding to the respective 
positions of the cutting edge. For information, the turret 
•axis B is represented by BO, Bl, B2, B3 corresponding to the 
respective positions of the cutting edge. 

(1-1) When preparing the program, the programmer inputs 
the cutting edge data (mi, ni) which are the coordinates of 
respective points of the moving cutting edge, and the turret 
angle data ai which determine an extent to which the turret 
1 is to be rotated at every point. As a method for inputting 
the values, a keyboard, a touch panel and so on may be employed, 
or a manner of reading from data file such as CAD or the like 
can be utilized. 

(1-2) Once the cutting program has been completed, the 
program need not be changed when the cutting tool 2 is exchanged, 
but it is sufficient that the above described tool offset values 
{Kl, K2) maybe changed. Accordingly, one of the embodiments 

8 



ifimni 



according to the invention is the above described control 
apparatus which includes , 

memory means for storing beforehand the tool offset 
values (Kl, K2) of various cutting tools 2, 

means for selecting the cutting tool 2, 

means for giving instructions to mount the selected 
cutting tool 2 to an automatic tool changer (ATC) , 

means for reading the tool offset values (Kl, K2) of the 
mounted cutting tool 2 from the memory means, 

means for obtaining ^^turret axis data (AX, AZ)" on the 
basis of the tool offset values (Kl, K2) which have been read, 
specifically, means for obtaining the ^^turret axis data (AX, 
AZ)" by adding the turret offset values (Tl, T2) to the tool 
offset values (Kl, K2). 

(Specific equations for calculation) 

(2) In case where the aforesaid reference offset values 
(XO, ZO) are constant through the cutting process, one of the 
embodiments according to the invention is the above described 
control apparatus characterized in that offset data (Xai, Zai) 
are calculated from the reference offset values (XO, ZO) and 
the turret angle ai on the basis of the following equations 
1 and 2, and the turret axis data (AXi, AZi) are calculated 
from these offset data (Xai, Zai) and the aforesaid cutting 
edge data (mi, ni) on the basis of the following equations 3 



and 4. 

Xai = ZO-cos ai - XO-sin ai (equation 1) 

Zai = ZO-sin ai + XO-cos ai (equation 2) 

AXi = mi + Xai (equation 3) 

AZi = ni + Zai (equation 4) 

(Sign i: corresponds to respective positions of the 
cutting edge) 

(3) Moreover, this invention relates to a cutting machine 
which includes the above described control apparatus. With 
p this cutting machine, it will be possible to provide such a 

y cutting machine that the cutting program which has been 

Q 

y described above can be prepared easily. 



The cutting machine according to this invention may 
O include the ATC as described in the above (1-2) , and means for 

mounting the selected cutting tool 2 to the turret 1. 

(4 ) In case where this invention is considered as a method, 
the invention relates to a cutting method employing a cutting 
machine having a turret 1 which can be rotated to arbitrary 
positions, and the method is characterized by including the 
following steps; 

a step of inputting cutting edge data (m, n) and turret 

angle data a; 

a step of reading reference offset values (XO, ZO) ; 
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a step of calculating offset data (Xa, Za) from the turret 
angle data a and the reference offset values (XO, ZO) ; 

a step of calculating turret axis data (AX, AZ) from the 
offset data {Xa, Za) and the cutting edge data (m, n) ; and 
a step of perfoinxiing a cutting on the basis of the turret 

axis data (AX, AZ) . 

RT^TF.F nF-.5^r.RTPTTON OF THE DRAWINGS 
Fig. 1 is a view showing movement of a turret; 
Fig. 2 is a block diagram of a control apparatus; 
Figs. 3A and 3B are charts of data. Fig. 3A shows data 
H at a time of inputting, and Fig. SB shows data after 

SI 

g calculation; 

ly. Fig. 4 is a flow chart of cutting steps; 

M 

Fig. 5 is a view for explaining interpolation control 



(with a cutting edge enlarged) ; 

Fig, 6 is a view for explaining reference offset values 

(XO, ZO); 

Fig. 7 is a flow chart of cutting steps (No. 2); 

Fig. 8 is a view showing an example of the related art 
(turret angle is constant) ; and 

Fig. 9 is a view showing another example of the related 
art (cutting angle is constant) . 

DF.TATT.F.D DESCRJPTTON OF THE PREFERRFD F.MBQPIM ENTS 
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(A: Cutting machine) 

This invention relates to a cutting machine, and a 
control apparatus for the same. An embodiment of a turret 1 
to be controlled by this control apparatus is shown in Fig. 
1. 

Fig. 1 shows a state in which a cutting edge of a cutting 
tool 2 has moved from AO to A3 along a surface of a work to 
be cut. There are also shown a Z-axis and an X-axis which are 
coordinates intersecting at a right angle. Values of the 
coordinates are determined by setting a point of intersection 
of the X-axis and the Z-axis as a point of origin. An upward 
direction of the X-axis is set to be positive, and a rightward 
direction of the Z-axis is set to be positive. 

The turret 1 is mounted on a main body of the cutting 
machine. The turret 1 is capable of rotating about a point 
B (a turret axis B) in Fig. 1, and can be indexed at arbitrary 
positions. A structure of the turret is the same as in the 
related art and therefore, omitted in the drawing . 

Four points AO to A3 are shown as data of the cutting 
edge. However, in fact, there are arranged a number of data 
more closely between the points in order to smoothly move the 
cutting edge along the surface of the work to be cut. In the 
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drawing, Al and A2 are shown as representatives among points 
between AO to A3, According to this invention, the cutting 
is performed by appropriately rotating the turret 1 maintaining 
a cutting angle p to be constant. 

(B: Control apparatus) 

Then, constituents of the control apparatus are shown 
in a block diagram of Fig- 2. The control apparatus includes 
a CPU for performing various treatments, a display section for 
indicating inputted cutting edge data, an input section for 
inputting various numerical values, a memory section for 
storing various programs and reference offset values (XO, ZO) 
of every cutting tool 2, and a control section for controlling 
movements of the respective axes. These sections transmit and 
receive the data by way of buses. 

As "the display section", a liquid crystal screen or a 
CTR can be employed- As "the input section", a keyboard, a 
touch panel and so on can be employed- Besides, the input may 
be performed in a manner of reading from a recording medium 
such as a CD or in a manner of reading various data employing 
various communication circuits such as a telephone circuit or 
LAN. 

The "control section of the respective axes" such as the 
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X-axis and Z-axis are respectively associated to a motor in 
order to actuate the motor according to instructions of 
numerical control given by the CPU or the like, and to vary 
a relative distance between the cutting tool 2 and the work 
to be cut with respect to the directions of the axes , Moreover, 
when the axes are moved by hand, the control section performs 
functions of reading an amount of control and transmitting it 
to the CPU. 

Because this invention is intended to rotate the turret 
1 about the turret axis (the B-axis) , there is included a B-axis 
control section which controls the rotation about the turret 

axis B and reads its turret angle a. Further, an X-axis control 
section and a Z-axis control section are provided as an ordinary 
cutting machine. In case of a cutting machine which can rotate 
about a tool axis of the cutting tool 2, there is provided a 
tool axis control section for controlling rotation of this 
cutting tool 2. 

The "memory section" can be implemented by appropriately 
combining various types of memory means such as RAM, ROM or 
hard disks , 

The memory section stores various programs. 
Specifically, the programs include a control program of the 
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axes for performing cuttings according to ordinary numerical 
controls (an NC cutting program) , a program for controlling 
movement of the cutting tool 2 when moving from data of one 
position of the cutting edge to data of the next position of 
the cutting edge, and in addition, a program for calculating 
the offset data (Xa, Za) and the turret axis data (AX, AZ) from 
the reference offset values and the cutting edge data, which 
is an essence of this invention. 

The data to be stored are the X cutting edge data mi, 
the Z cutting edge data ni, and the turret angle data ai at 
respective positions of the cutting edge . These data are shown 
in Fig. 3A. In the drawing, the data of the positions AO to 

A3 of the cutting edge are shown. 

Storing the data concerning one position of the cutting 
edge as one record, the X cutting edge data mi, the Z cutting 
edge data ni, and the turret angle data ai are provided as fields • 
These values are determined by the programmer and inputted 
(read) at the input section. Although the data of only four 
positions of the cutting edge are shown in Fig. 3A, the actual 
data are set more closely between AO, AI, A2 and A3. 

Although the more closely the positions of the cutting 
edge are set, the larger treating load (load of calculation) 



of the control apparatus will be, control and moving process 
of the cutting tool 2 will be more smoothly performed* On the 
other hand, when the positions of the cutting edge are set 
roughly, the treating load will be decreased although the 
control and the moving process will be rough- Therefore, 
number of the data (number of records) concerning the positions 
of the cutting edge may be appropriately determined in 
consideration of an object of cutting, required precision, and 
ability of the control apparatus- 

Further, in case of the cutting machine in which a 
plurality of the cutting tools 2 can be used by means of the 
ATC, the X reference offset value XO and the Z reference offset 
value ZO of every cutting tool 2 are recorded in this memory 
section. These reference offset values may be stored as a sum 
of the tool offset values (Kl, K2) determined by the cutting 
tool 2, and the turret offset values (Tl, T2) from the turret 
axis B to a (tool) spindle to which the cutting tool 2 is 
attached. 

In case of an embodiment in which the turret axis data 
have been calculated prior to the cutting process, the 
calculated turret axis data are stored in the memory section. 

(C: Flow of operation) 
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Flow of operation by the cutting machine having this 
control apparatus will be described referring to Fig. 4, 

(50) As preliminary preparation, the work to be cut is 
fixed, and the cutting tool 2 desirable for cutting is selected 
and mounted, 

(51) An operator determines the data of the cutting edge 
(mi, ni) at respective positions according to a configuration 
to be cut, and inputs them at the input section. Then, the 
operator determines to what extent the turret 1 is to be rotated 
at every position of the cutting edge, and inputs the turret 
angle data ai. In this embodiment, the X cutting edge data 
mi, the Z cutting edge data ni, and the turret angle data ai 
are as shown in Fig. 3A. 

(32) All the data inputted are given to the memory section 
by way of the buses and stored there. 

{S3) The reference of f set values (XO, ZO) of the selected 
cutting tool 2 are read from the memory section. In this 
embodiment, the X reference offset value XO = 5, and the Z 
reference offset value ZO = 40. 

(34) The cutting is started. 
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(55) The CPU reads the calculation program from the 
memory section, and executes the program. At first, the CPU 
reads the cutting edge data (mO, nO) and the turret angle data 
aO at the position AO of the cutting edge from the memory section , 
Then, the offset data (XaO, Z aO) are obtained employing the 
following equations (equation 1) and (equation 2) for 

calculating the offset data. Since the turret angle data aO 
= 90°, in case where the cutting edge is at the position AO, 
the calculation will be as follows; 

XaO == 40 -cos 90*" - 5 -sin 90° (equation 1) 

ZaO = 40-sin 90° + 5-cos 90° (equation 2) 

XaO = -5, ZaO = 40, 

(56) The CPU obtains the turret axis data (AX, AZ) from 
the above described of f set data (XaO, ZaO) and the cutting edge 
data (mO, nO) employing the following equations (equation 3) 
and (equation 4) . Since the coordinates of AO is (0, 0), in 
case where the cutting edge is at the position AO, the 
calculation will be 

AXO = 0-5 (equation 3) , AZO = 0+40 (equation 4) , and 
AXO = -5 and AZO = 40 

{S7) The CPU sends a value of AXO to the X-axis control 
section, a value of AZO to the Z-axis control section, and a 
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value of a = 90° to the B-axis control section respectively- 
The respective axis control sections actuate the motor and to 
place the cutting edge into a position of AO in Fig, 1. 

(38) The CPU confirms whether or not the turret axis data 
are the final data, referring to the memory section, and as 
the answer is No, returns to the above (35) . 

(35, 36, 37) The CPU reads the next data of the position 
of the cutting edge, calculates the offset data, calculates 
the turret axis data adding the cutting edge data to these 
offset data. Then, the turret axis is moved and controlled on 
the basis of the turret axis data to proceed the cutting. 
Repeating the steps, the position of the cutting edge are moved 
from AO to A3, performing the cutting . 

Since in case where the cutting edge is at the position 
Al, the coordinates of Al are (20, -10) , and the turret angle 
a = 60°, the calculation will be as follows; 

Xal = 40 -cos 60° - 5 -sin 60° (equation 1) 

Zal = 40 -sin 60° + 5 -cos 60° (equation 2) 

Xal = 15.7, Zal =37,1 

Then, the turret axis data are calculated from these 
offset data as follows; 

AXl = 20 + 15.7 (equation 3), 



AZl = -10 + 37.1 (equation 4), and 
AXl =35.7 and AZl =27.1 

In the same manner, calculated values of the turret axis 
B at B2 andBS are shown in Fig. 3B. In case where the coordinate 
of the X-axis is indicated by diameter, this value of AX is 
to be doubled. 

(58) The CPU confirms that the data on the position A3 
of the cutting edge are the final data, and 

(59) ends the cutting. 

(CI) This invention can be implemented by designating 
the turret angles a at all the positions of the cutting edge. 
Moreover, by designating the turret angles a of the essential 
positions of the cutting edge, the invention can be implemented 

in a manner of interpolating the turret angles between them. 

Fig. 5 is an enlarged view of the moving cutting edge, 
and shows the cutting edge moving from A20 at the turret angle 
a = 30° to A21 at the turret angle a = 29'*, 

The cutting edge data are A20 (30, -20, a = 30''), and 
A21 (31, -20.5, a = 29°) . At the positions of the cutting edge 
between A20 and A21, the cutting edge data only are designated. 
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but the turret angles are not designated* In Fig. 5, the B-axis 
is shown near the cutting edge, for illustrative convenience, 

to indicate the turret angle a. 

When the turret 1 is moved from A20 to A201, which is 
the next position of the cutting edge, the CPU reads the next 
cutting edge data. Because the turret angle is not yet set, 
the CPU reads the value of SO*" at A20 and the value of 29"" at 
A21, and recognizes that a rotation of 1*^ is required by A21« 
Further, the CPU reads number of the cutting edge data from 
A20 to A21 (10 in this embodiment) • Because the rotation of 
1"^ is performed by ten movements, the cutting edge is rotated 
at every 0*1^ between A201 to A209, and set to be a = 29.9° 
at A201 and a = 29.8'' at A202. This function is called as 
circular interpolation function. 

As described, in implementing this invention, it is not 

necessary to input the turret angles a at all the positions 
of the cutting edge. The invention can be implemented by 
inputting the turret angles a only at the essential positions 
of the cutting edge employing this circular interpolation 
function. 

It is also possible to automatically interpolate and set 
the cutting edge data employing the conventional interpolation 
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functions between two positions of the cutting edge. 

{C2) In the above described flow of operation according 
to the invention, the turret axis data are sequentially 
calculated from the cutting edge data to control the turret 
axis B. However, the invention can be implemented in a manner 
of inputting the positions of the cutting edge, calculating 
the turret axis data when the cutting tool 2 is selected, and 
storing the data. A flow of such embodiment is shown in Fig. 
7. 

In this flow, after the step of inputting the cutting 
edge data and the turret angle data (SI) and the step of 
selecting the cutting tool 2 and reading the reference offset 
value {S3), a step of calculating the offset data (S52) and 
a step of calculating the turret axis data {362) are performed, 
and the values are stored in the memory section (S63) . 
Constituents of the stored turret axis data are shown in Fig. 
3B, 

When the cutting has started {S4) , the CPU reads, instead 
of reading the cutting edge data, the turret axis data which 
have already been calculated {S64) , and controls cutting the 
turret axis B on the basis of these data (S72) . 
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Then, the steps are repeated until the final turret axis 

data. 

(1) According to this invention, it will be possible to 

perform the cutting in a state where the cutting angle P is 
constant, by inputting the turret angles and the cutting edge 
data. In this manner, the cutting with high precision can be 
performed. 

(2) The programs and data for making the cutting angle 
p constant can be easily prepared. 

In the above description, the positions of AO to A3 and 
BO to B3 have been described, assuming that the position AO 
of the cutting edge is an origin point of the coordinates. 
However, the origin point and the coordinates can be optionally 
set. For example, the position BO can be the origin point of 
the B-axis. 

Moreover, the origin point can be moved along with the 
movement of the B-axis from BO to B3, and the coordinates of 
the cutting edge A can be defined by making this position of 
the moved B-axis as the origin point. Specifically, when the 
B-axis (Bl) in Fig. 1 is the origin point, the coordinates of 
the cutting edge at Al are specified by setting this Bl as the 
origin point, and the coordinates are set to be Al {-15.7, 
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-37.1) , In this embodiment, it would be easy to recognize and 
designate the positions of the cutting edge in the program for 
controlling the turret with reference to the B-axis, 



□ 
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Accordingly, the desirable control apparatus and the 
cutting machine having this control apparatus according to this 
invention is the control apparatus which has been heretofore 
described and includes means for designating the coordinates 
of the cutting edge with reference to the moving B-axis, means 
for indicating the coordinates of the cutting edge with 
reference to the moving B-axis, and means for controlling the 
cutting edge employing the coordinates of the cutting edge with 
reference to the moving B-axis. 
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